High grade gliomas are the most common brain tumors in adult. These tumors are characterized by a high infiltration in microglial cells and macrophages. The immunosuppressive tumor environment is known to orient immune cells toward a pro-tumoral and anti-inflammatory phenotype. Therefore, the current challenge for cancer therapy is to find a way to reorient macrophages toward an antitumoral phenotype. Previously, we demonstrated that macrophages secreted antitumoral factors when they were invalidated for the proprotein converstase 1/3 (PC1/3) and treated with LPS. However, achieving an activation of macrophages via LPS/TLR4/Myd88-dependent pathway appears yet unfeasible in cancer patients. On the contrary, the antitumor drug Paclitaxel is also known to activate the TLR4 MyD88-dependent signaling pathway and mimics LPS action. Therefore, we evaluated if PC1/3 knock-down (KD) macrophages could be activated by Paclitaxel and efficient against glioma. We report here that such a treatment of PC1/3 KD macrophages drove to the overexpression of proteins mainly involved in cytoskeleton rearrangement. In support of this finding, we found that these cells exhibited a Ca 2؉ increase after Paclitaxel treatment. This is indicative of a possible depolymerization of microtubules and may therefore reflect an activation of inflammatory pathways in macrophages. In such a way, we found that PC1/3 KD macrophages displayed a repression of the anti-inflammatory pathway STAT3 and secreted more pro-inflammatory cytokines. Extracellular vesicles isolated from these PC1/3 KD cells inhibited glioma growth. Finally, the supernatant collected from the coculture between glioma cells and PC1/3 KD macrophages contained more antitumoral factors. These findings unravel the potential value of a new therapeutic strategy combining Paclitaxel and PC1/3 inhibition to switch macrophages toward an antitumoral immunophenotype. Molecular & Cellular Proteomics
Cancer cells share eight common traits ("hallmarks") that govern their transformation from normal cells and maintenance in the host environment: (1) they stimulate their own growth (self-sufficiency in growth signals), (2) they resist inhibitory signals that might otherwise hinder their growth and proliferation (insensitivity to antigrowth signals), (3) they resist programmed cell death (evading apoptosis) and other cell death mechanisms, (4) they can multiply indefinitely (limitless replicative potential), (5) they stimulate blood vessels growth to supply nutrients to tumors (sustained angiogenesis), (6) they invade local tissues and metastasize to distant sites (tissue invasion and metastasis), (7) they have altered metabolic pathways, and (8) finally, they evade the immune system (1). This last-mentioned feature has radically changed our views on cancer pathophysiology by pointing the crucial in-structing effects exerted by cancer cells on both local and systemic immune responses. Thus, working toward new immunotherapeutic approaches for cancer is now considered as a priority task.
Among the many mechanisms that drive tumor immune evasion, tumor-associated macrophages (TAM) 1 greatly contribute to the resistance to immune responses. Indeed, the local and systemic environments shaped by tumor microenvironment suppress the antitumor functions of macrophages (2, 3) . Moreover, TAMs promote tumor growth. In fact, a high TAM number coupled with a low T cell number correlate with poor prognosis in cancer patients (4, 5) . Furthermore, the expression of the chemokine CCL2 is associated with TAM migration to the tumor site (6) and the M-CSF factor secreted by tumor cells shapes TAM functional activity. Indeed, M-CSF not only attracts TAMs (7) but also induces a switch from a pro-inflammatory M1 into an antiinflammatory M2 immunophenotype (8) . Accordingly, elevated systemic or local levels of M-CSF are associated with poor outcomes (7, 9, 10) . Taken together, these findings highlight the major roles that TAMs play in mediating tumor growth and metastasis. This vital interaction between tumor cells and TAMs implicates a key opportunity for cancer treatment intervention.
Considering the above, we recently demonstrated in proprotein convertase PC1/3 knock-out mice (11) , as well as in the pulmonary resident NR8383 rat macrophage PC1/3 knock-down (PC1/3-KD) cell line (12) , that PC1/3-deficient macrophages produce high levels of cytokines and chemokines through autocrine and paracrine pathways (13) . Challenging these cells with endotoxin/LPS, results in a cytokine storm that impacts cell survival of cancer cells (13) . In fact, PC1/3 protein regulates cytokines and chemokines secretion in macrophages. Indeed, under LPS stimulation, the TLR4 MyD88-dependent signaling pathway is enhanced in PC1/3-deficient macrophages promoting a stable pro-inflammatory activated phenotype. Secreted factors from these PC1/3-KD macrophages not only attract naïve T helper cells but also inhibit ovarian and breast cancer cell lines viability via innate immune mechanisms (13) .
However, achieving an activation of TAM via the LPS/TLR4/ Myd88-dependent pathway appears yet unfeasible in cancer patients. On the contrary, the sterile ligand Paclitaxel is also known to activate the TLR4 MyD88-dependent signaling pathway mimicking LPS action (14, 15) . It has been widely used for the treatment of breast, ovarian, lung, and colon cancers (16) . Paclitaxel is an antineoplastic agent that stabilizes microtubules against depolymerization and blocks cells at the G2/M junction of the cell cycle. Although treatment with Paclitaxel has led to improvement in the duration and quality of life for some cancer patients, most Paclitaxel-treated patients eventually develop drug resistance leading to disease progression (17) . In addition to its cytostatic and cytotoxic effects, Paclitaxel has immunomodulatory properties that may partly interfere with its antitumoral effects (18) . Paclitaxel stimulates tumor cells to secrete different chemoattractant factors such as macrophage colony-stimulating factor 1 (M-CSF) that promote immune evasion. Interestingly, our previous results showed that PC1/3 inhibition in macrophages strongly impacted cytoskeleton organization (13) . Therefore, because of the key roles of Paclitaxel in microtubule stabilization and tumor resistance, we aimed to study the impact of Paclitaxel on our PC1/3-KD macrophage cell model (Fig. 1A) .
We report here that such a treatment of PC1/3 KD macrophages drove to the secretion of pro-inflammatory cytokines and chemokines. In addition, proteomics analysis of whole cell extracts indicated that these macrophages display overexpression of proteins mainly involved in cytoskeleton rearrangement. In support of this finding, we found that these cells exhibited a Ca 2ϩ increase after Paclitaxel treatment. This is indicative of a possible depolymerization of microtubules and this may therefore act on the activation of inflammatory pathways in macrophages. In such a way, we found that PC1/3 KD macrophages displayed a repression of the antiinflammatory pathway STAT3. We also isolated extracellular vesicles from these PC1/3 KD cells and showed that their content inhibited glioma growth. Finally, analysis of the cell supernatant collected from the coculture between glioma cells and PC1/3 KD macrophages led to a more important release of antitumoral factors.
This work will contribute to our understanding on microtubule network dynamics in PC1/3-KD macrophages and Paclitaxel impact on PC1/3-KD cells in term of intracellular signaling, trafficking, and proteins profiles and antitumor activities through EVs production.
EXPERIMENTAL PROCEDURES
Experimental Design and Statistical Rationale-Shotgun proteomics experiments on PC1/3 knockdown (KD) and nontarget (NT) cells treated with Paclitaxel were conducted in biological triplicate. Spheroids studies, viability tests, Western blotting analyses, calcium imaging experiments were also conducted in biological triplicate.
Statistical Analysis-For the proteomics statistical analysis of extracted proteins or secreted media, only proteins presenting as sig- nificant by the ANOVA test were used with FDR 5%. Normalization was achieved using a Z-score with a matrix access by rows. Obtained data from Western blotting were reported as mean Ϯ S.E. Mean values among different experimental groups were statistically compared by one-way ANOVA tests using Graph pad PRISM software or by student t test. When we compared NT control cells versus NT treated cells and between the various time points, the tests were performed on a parametric basis because the variance in the group is equal and n Ͼ 2. KD group was analyzed in the same way. By contrast, the variance between NT and KD cells is not equal. There- Table showing the number of identified proteins in (i) the supernatants of PC1/3 KD and NT macrophages stimulated during 24 h with Paclitaxel (suppl. Data 1), (ii) in the cell extracts after 24 h stimulation with Paclitaxel (suppl. Data 2) and (iii) in the supernatants of the coculture between C6 glioma spheroids and macrophages (supplemental Data S4). The number of differential proteins (p Ͻ 0.05) and unique proteins is also indicated.
fore, we compared these two groups on a non-parametric basis i.e. test U Mann-Withney.
Values of p Ͻ 0.05 were considered statistically significant (*p value of Ͻ 0.05, **p value of Ͻ 0.01, ***p Ͻ 0.001). All experiments were performed as 3 independent biological assays (interassays).
Reagents-The rat alveolar macrophage NR8383 cell line (CRL-2192) was obtained from ATCC (USA Cell Culture-NR8383 PC1/3 KD and NR8383 NT shRNA cell lines were cultured in Ham's F12K medium supplemented with 15% fetal bovine serum and 12 g/ml puromycin at 37°C in a humidified atmosphere (5% CO 2 ). NR8383 PC1/3 knockdown was performed using lentivirus transduction, as described previously (12) . C6 cells were cultured in high-glucose Dulbecco's Modified Eagle's Medium (DMEM) and supplemented with 10% heat-inactivated fetal bovine serum, 1% L-glutamine (2 mM) and 1% gentamicin (50 units per ml), all from Sigma-Aldrich. This medium is referred to as complete DMEM (cDMEM). The FBS concentration was reduced to 5% in medium used for the coculture experiments (c-DMEM-5).
Identification of Cytokines and Chemokines Using Rat Cytokine Antibody Arrays-NR8383 KD and NT cells were plated on sterile 6-well plates to reach confluence. The cells were starved overnight with Ham's F12K medium supplemented with 2% FBS and stimulated for 24 h with 20 ng/ml IL-10 in serum-free medium or were left untreated. Then, the medium was replaced, and the cells were stimulated for 24 h with 30 M Paclitaxel or were left untreated. Cell supernatants were collected, centrifuged at 500 ϫ g, passed through a 0.22 m filter to remove cells and immediately frozen in liquid nitrogen. The Rat Cytokine Array Panel A from the R&D system was used to probe cytokines in the cell supernatant of stimulated and unstimulated NR8383 cells by following the procedures recommended by the manufacturer. Briefly, the array membranes were first incubated in the blocking buffer for 1 h. In the meantime, cell supernatants were mixed with the Detection Antibody Mixture and incubated for 1 h at room temperature. The volume of cell supernatant used for this experiment was determined according to the number of cells counted after stimulation. Then, after removing the blocking buffer, the sample/antibody mixture was added to array membranes and incubated overnight at 4°C. After incubation, the membranes were washed 3 times with the wash buffer and then incubated with the Streptavidin-HRP solution for 30 min at room temperature. The membranes were finally washed with wash buffer 3 times, and the bound antibodies were detected by chemoluminescence using the Chemi Reagent Mix. The membranes were quantified by densitometry using ImageJ software. Statistical analysis was carried out using a paired t test.
Total Protein Extractions-NR8383 KD and NT cells were plated on sterile 6-well plates to reach confluence. For Paclitaxel stimulation, the cells were starved overnight with Ham's F12K medium supplemented with 2% FBS. The cells were stimulated with 30 M Paclitaxel in serum-free medium or left untreated. After stimulation (24 h for FASP analysis, 1 h and 3 h for Western blot analysis), cells were collected, washed once with ice-cold PBS and then lysed with RIPA buffer for total protein extraction (150 mM NaCl, 50 mM Tris, 5 mM EGTA, 2 mM EDTA, 100 mM NaF, 10 mM sodium pyrophosphate, 1% NP40, 1 mM PMSF, and 1ϫ proteases inhibitors). Cells debris were removed by centrifugation (20,000 ϫ g, 10 min, 4°C), and supernatants were collected, and protein concentrations were measured using a Bio-Rad Protein Assay according to the manufacturer's instructions.
Western Blot Analysis-Total cell NT or PC1/3-KD cells extracts (40 g) were then analyzed by Western blotting assays. First, proteins were separated by SDS-PAGE electrophoresis and then transferred onto a nitrocellulose membrane. Membranes were blocked for 1 h at room temperature in TBS-Tween 0.1% ϩ milk 5% and incubated overnight at 4°C with primary antibodies directed against rabbit antiphospho STAT3 (1:2000, from Cell Signaling), rabbit anti-STAT3 (1:1000, from Cell Signaling), rabbit anti-Factor IX (1:500, from Abcam) and rabbit anti-ANP32A (1:500, from Abcam). Horseradish peroxidase-coupled goat anti-mouse and goat anti-rabbit secondaries (Jackson ImmunoResearch) were used at 1:30,000 and 1:20,000 respectively. The proteins were visualized with the enhanced chemiluminescence kit (West Dura from Pierce) according to the manufacturer's instructions. ImageJ software was used to quantify the bands. Experiments were done in triplicate (n ϭ 3).
Filter-aided Sample Preparation (FASP)-Total protein extract (0.1 mg) was used for FASP analysis as described previously. We performed FASP using Microcon devices YM-30 (Millipore, Burlington, MA) before adding trypsin (Promega) for protein digestion (40 g/ml in 0.05 M NH 4 HCO 3 ). The samples were incubated overnight at 37°C. The digests were collected by centrifugation, and the filter device was rinsed with 50 l of NaCl 0.5 M. Next, 5%TFA was added to the digests, and the peptides were desalted with a Millipore ZipTip device before LC-MS/MS analysis (13) . The solution was then dried using the SpeedVac. Dried samples were solubilized in water/0.1% formic acid before LC MS/MS analysis. Experiments were done in triplicate (n ϭ 3).
Proteomics Analysis of the Cell Supernatants-Cell supernatants obtained from macrophages treated or not with Paclitaxel during 24 h or from the coculture of C6 spheroids and macrophages (after 6 days) were centrifuged at 500 ϫ g and passed through a 0.22-m filter to remove cells and debris. The experiments were performed in biological triplicates. Four hundred microliters of the cell supernatant were collected for each condition. The volume was reduced to 100 l in a SpeedVac. Cell supernatant digestion was performed as previously described (19) . In brief, the cell supernatants were denatured with 2 M urea in 10 mM HEPES, pH 8.0 by sonication on ice. The proteins were reduced with 10 mM DTT for 40 min followed by alkylation with 55 mM iodoacetamide for 40 min in the dark. The iodoacetamide was quenched with 100 mM thiourea. The proteins were digested with 1 g LysC/Trypsin mixture (Promega) overnight at 37°C. The digestion was stopped with 0.5% TFA. The peptides were desalted with a Millipore ZipTip device in a final volume of 20 l of 80% ACN elution solution. The solution was then dried using the SpeedVac. Dried samples were solubilized in water/0.1% formic acid before LC MS/MS analysis. Experiments were done in triplicate (n ϭ 3).
LC MS/MS Analysis-Samples were separated by online reversedphase chromatography using a Thermo Scientific Proxeon Easy-nLC system equipped with a Proxeon trap column (100 m ID ϫ 2 cm, Thermo Scientific, Waltham, MA) and a C18 packed-tip column (75 m ID ϫ 50 cm, Thermo Scientific). Peptides were separated using an increasing amount of acetonitrile (5-35% for 100 min) at a flow rate of 300 nL/min. The LC eluent was electrosprayed directly from the analytical column, and a voltage of 1.7 kV was applied via the liquid junction of the nanospray source. The chromatography system was coupled with a Thermo Scientific Q Exactive mass spectrometer programmed to acquire a data dependent Top 10 method. Survey scans were acquired at a resolution of 70,000 at m/z 400.
Data Analyses-All the MS data were processed with MaxQuant (20) (version 1.5.1.2) using the Andromeda (21) search engine. Proteins were identified by searching MS and MS/MS data against Decoy version of the complete proteome for Rattus norvegicus of the UniProt database (22) (Release June 2014, 33,675 entries) combined with 262 commonly detected contaminants. Trypsin specificity was used for the digestion mode with N-terminal acetylation and methionine oxidation selected as the variable. Carbarmidomethylation of cysteines was set as a fixed modification, and we allowed up to two missed cleavages. For MS spectra, an initial mass accuracy of 6 ppm was selected, and the MS/MS tolerance was set to 20 ppm for HCD data. For identification, the FDR at the peptide spectrum matches (PSMs) and protein level was set to 0.01. Relative, label-free quantification of proteins was performed using the MaxLFQ algorithm (23) integrated into MaxQuant with the default parameters. Analysis of the proteins identified was performed using Perseus software (http://www. perseus-framework.org/) (version 1.5.0.31). The file containing the information from identification was used with hits to the reverse database, and proteins only identified with modified peptides and potential contaminants were removed. Then, the LFQ intensity was logarithmized (log2 [x] ). Categorical annotation of rows was used to define different groups depending on the following: 1) the cell line (NT or KD), 2) the treatment (Control/Paclitaxel). Multiple-samples tests were performed using an ANOVA test with a FDR of 5% and preserved grouping in randomization. To determine enrichment of categorical annotations (Gene Ontology terms and KEGG pathway), a Fisher's exact test was used, taking in account the results of the ANOVA test for each group. Normalization was achieved using a Z-score with matrix access by rows. Only proteins presenting as significant by the ANOVA tests were used for statistical analysis. A hierarchical clustering was first performed using the Euclidean parameter for distance calculation and an average option for linkage in row and column trees using a maximum of 300 clusters. To quantify fold changes of proteins across samples, we used MaxLFQ. To visualize these fold changes in the context of individual protein abundances in the proteome, we projected them onto the summed peptide intensities normalized by the number of theoretically observable peptides. Functional annotation and characterization of identified proteins were obtained using PANTHER software (version 9.0, http:// www.pantherdb.org) and STRING (version 9.1, http://string-db.org). The GeneMANIA Cytoscape plugin (24) was used to generate 2 distinct coexpression networks from cell extract proteomics data: (1) a Ͻ Ͻ Paclitaxel-treated NT cells Ͼ Ͼ network composed of 99,556 recognized interactions, generated from the analysis of a data subset gathering control NT cells and Paclitaxel-treated NT cells and (2) a Ͻ Ͻ Paclitaxel-treated KD cells Ͼ Ͼ network composed of 86,780 recognized interactions, generated from the analysis of a data subset gathering control KD cells and Paclitaxel-treated KD cells. A supervised clustering was then performed to identify the top 100 molecules that coregulated with the following query molecules: Tuba1c/Tuba4a. The list of 100 genes that encoded molecules was identified and was then assessed for gene set enrichment using EnrichR and the GO classification. Finally, subnetworks of genes presenting significant enrichments for specific GO terms were selected and visualized on Cytoscape. For presentation purposes, nodes were assigned equal weights and subnetworks were slightly distorted to avoid node superimposition. Fig. 1B resumed the number of intracellular and secreted proteins in the different experiments we conducted. We also indicated the number of differential proteins between conditions (p Ͻ 0.05) and unique proteins.
Cell Proliferation Measured by MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tatrazolium, inner salt]
Assay-C6 cells were seeded into 96-well white plates at 70% confluence with NR8383 cell supernatants obtained after 24 h of Paclitaxel (30 M) stimulation or no stimulation. The assay was conducted for 24, 48, 72 or 96 h. For the time point "96hϩmedium", conditioned mediums were removed at 72 h and replaced with fresh ones. CellTiter 96 AQueous One Solution Cell Proliferation reagent (Promega) was added to the wells and incubated at 37°C for 1 h protected from light. The absorbance was recorded at 490 nm using a 96-well plate reader. The results are expressed as absorbance values. Experiments were performed as four independent experiments.
Spheroid Generation and Embedding in a Collagen Matrix-C6 rat glioma cells were resupended in cDMEM at the final concentration of 12,500 cells in 200 l. Cells (200 l per well) were distributed in flat 96-well low attachment surface plates (Corning®). Plates were incubated at standard culture conditions for 96 h. The newly formed C6 cell spheroids were then implanted in the center of each well of a 24-well plate coated with a 2.2 mg/ml collagen mixture (one spheroid per well in 400 l of collagen mixture per well). The collagen mixture was prepared by mixing 2 ml of PureCol® bovine collagen type I solution (3 mg/ml; Advanced BioMatrix) with 250 l of 10X minimal essential medium (MEM) (Sigma-Aldrich, Carlsbad, CA) and 500 l of sodium hydroxide 0.1 M. After cell spheroid embedding, the plate was incubated for 30 min at standard culture conditions to solidify the gels. Thereafter 400 l of cDMEM was overlaid on the collagen matrix in each well. The complete system was incubated for a total of 6 days.
Coculture of Paclitaxel Pretreated Macrophages and C6 Spheroids-For coculture experiments, 800.000 NT or PC1/3 KD macrophages were seeded in a T25 flask and treated for 24 h with 30 M Paclitaxel in cDMEM medium with 12 g/ml puromycin or with the corresponding volume of DMSO (control, untreated macrophages). The cell supernatants were collected (cell supernatants 24 h for proteomics analysis), the cells harvested, washed in PBS, resuspended in MEM 10ϫ and mixed with components of the collagen mixture as described above. The collagen mixture containing macrophages was distributed in 24-well plates (400 l/100.000 macrophages per well) for embedding of C6 spheroids as described above. Supernatants of all conditions were collected at the end of the coculture, immediately frozen and stored at Ϫ80°C for further proteome analysis (cell supernatant day 6). Experiments were done as four independent experiments (n ϭ 4).
Coculture of Extracellular Vesicles of NR8383 Cell Line with C6 Spheroids-NT and PC1/3 KD macrophages were treated or not with 30 M Paclitaxel for 24h. Medium was collected and EVs isolated. Differential steps of centrifugation and ultracentrifugation to pellet extracellular vesicles (EVs) were performed. Membranes and debris were discarded from the cleared medium by centrifugation for 30 min at 2000 ϫ g at 4°C. The supernatant was centrifuged once at 10,000 ϫ g for 30 min, 4°C and once ultracentrifuged at 100,000 ϫ g (Beckman Optima TLX Ultracentrifuge) for 70 min, 4°C. The pellet was washed in 5 ml of phosphate buffered saline (PBS) and reultracentrifuged at 100,000 ϫ g for 120 min, 4°C. The EVs pellet were resuspended in MEM 10X, filtrated with 0.20 M filter and analyzed with a Nanosight NS300 instrument (Malvern, UK) to assess the quality of EVs purification and to determine the amount of exosomes in each condition. An equal amount of EVs were added to the collagen mixture as described above. The collagen mixture containing EVs was distributed in 24-well plates for embedding of C6 spheroids as described above (n ϭ 3).
Quantification of Spheroid Size and Invaded Area-After the spheroids were embedded, cell invasion out of the spheroid was monitored by digital photography using a Leica DM IL LED Fluo inverted light microscope (Leica DFC450C camera) at room temperature, with the Leica Application Suite (LAS V4.4). Images were acquired every day (day 0 ϭ time of embedding in collagen; picture taken immediately after embedding) using a 4ϫ/0.10 objective. Image processing and quantification of spheroids and of invasion areas was performed using an in-house software. This in-house software considers cell density and not the (observer-dependent) limits of cell migration in the collagen matrix. The implemented algorithm uses local fluctuations of the image intensity for an automated estimation of the invasion magnitude. It is robust enough to handle micrographs of different generation methods and various qualities without the concept of an invasive front of the spheroids (25) . Invasion and spheroid areas are normalized for each day to the invasion and spheroid areas measured at day 0 and expressed in protocol defined units (PDU). These normalized data are reported as relative size to day zero. Relative size of day 0 thus equals 1.
Calcium Imaging-NT and PC1/3-KD cells were plated onto glass coverslips and were loaded with 4 M Fura-2 AM at room temperature for 45 min in the growth medium. Recordings were performed in HBSS containing 140 mM NaCl, 5 mM KCl, 2 mM MgCl 2 , 0.3 mM Na 2 HPO 3 , 0.4 mM KH 2 PO 4 , 4 mM NaHCO 3 , 5 mM glucose and 10 mM HEPES adjusted to pH 7.4 with NaOH. The cells were then washed three times in HBSS. Paclitaxel (30 M) was added at the time of analysis. The fluorescent intensity of Fura-2 in each cell was monitored and recorded at 340 nm and 380 nm. To represent the variation in the intracellular free calcium concentration, the fluorescence intensity ratio represented by F340/F380 was used as an indicator of changes in cytosolic Ca 2ϩ concentrations. Experiments were done in triplicate (n ϭ 3).
RESULTS

Paclitaxel Induces Secretion of Proinflammatory
Cytokines by PC1/3 KD Cells-To deepen our understanding on the intracellular impact of Paclitaxel treatment on NT and PC1/3 KD macrophages, we performed a complete proteome analyses of cell supernatants and intracellular proteins.
First, we analyzed the protein over or under-secreted by macrophages stimulated during 24 h with 30 M Paclitaxel ( Fig. 2A , supplemental Data S1). Paclitaxel treatment induced a modulation of the amount of proteins released by both cells compared with control condition (Fig. 2A) . Cluster 1 corresponded to proteins over-expressed by untreated macrophages, irrespective of PC1/3 expression. In that case, 9 proteins were identified. Most of them were related to immune response and pro-tumoral activities: Gamma-interferon-inducible lysosomal thiol reductase (Ifi30), granulins isoform a precursor (Grn), Lysozyme C-1 precusor (Lyz2), Macrophage metalloelastase (MMP12), Beta-2-microglobulin (B2m), Interleukin-1 receptor antagonist protein (Il1rn), proteogycan 4 precursor (Pgr4), cathepsin D (Ctsd). We also detected the presence of Amyloid beta A4 protein N-APP Soluble, linked to tumor infiltration of macrophages. Fifty-nine proteins were identified in cluster 2 corresponding the proteins over-secreted by macrophages stimulated during 24h with Paclitaxel. The STRING analysis indicated a central huge network focused on ribonucleoproteins and translation (supplemental Fig. 1 ). It is known that patients treated with Paclitaxel can eventually develop drug resistance leading to disease progression (17) . Of note, under Paclitaxel treatment of macrophages we found proteins that are known to protect the tumor: Rho GDP-dissociation inhibitor 1 (Arhgdia), Stressinduced-phosphoprotein 1 (Stip1), the Heat shock proteins (HSP 90-alpha and HSP-90 beta).
In a next step, we focused on unique proteins secreted by NT and PC1/3 KD cells (Fig. 2B) . We found that 25 unique proteins were detected in the supernatant of PC1/3 KD cells whereas 65 proteins were identified for NT cells (Table I) . For the unique proteins identified in the supernatant of PC1/3 KD cells after 24h of Paclitaxel activation, STRING analysis indicated a single network involving ribosomal and ubiquitin proteins (RPS14, RPS16, RPS35, Eif4e, Pppr21a, Dynlrb1) (Fig.  2Ba) . Again, several tumor growth factors were detected: apoptotic inhibitory 5 (Api5), angiopoietin-related protein 3 precursor (ANGPLT3), Dystroglycan precursor (Dag1).
For NT cells, more unique proteins were identified in their supernatant after 24h of Paclitaxel treatment (Table I ). The STRING analysis (Fig. 2Bb ) revealed at least 3 networks i.e. one related to vesicle transport centered on vesicle-fusing ATPase (NSF) protein, the second one is related to proteins involved in translation, the third one is based on ribonucleoproteins. Factors involved in tumor invasion were also detected: CD44, Nuclear migration protein nudC (NudC), tropmodulin-3 (Tmod3), arginase 1 (Arg1), Protein S100-A10 (S100-10).
From these proteomics analysis of macrophages' supernatants, we could establish that immunosuppressive and protumoral factors were released by both cell types, even after Paclitaxel treatment. This observation may explained the resistance to this chemotherapeutic drug well described in the literature (18, 26) , partly because of macrophages and the factors they released as we demonstrated here. However, the factors identified with this experiment represent only a part of the whole supernatant of macrophages. Cytokines and chemokines are also important in the tumor environment because they may recruit cytotoxic immune cells. Therefore, to assess the inflammatory phenotypes of NT and PC1/3 KD macrophages, a cytokine array experiment was conducted (Fig. 2C) . This showed that PC1/3 KD cells exhibited a more pronounced inflammatory state as depicted by the release of more pro-inflammatory cytokines such as TNF-␣, IL-6, CCL5, CXCL1, CXCL2 and CXCL10.
Cells were then stimulated with 30 M Paclitaxel for 24h (Fig. 2C) . This revealed that under Paclitaxel treatment, the nature of the cytokines and chemokines was modified. Indeed, TNF-␣, IL-6 and CXCL10 specifically released by untreated PC1/3 KD cells were no more secreted after such a treatment. On the contrary, Paclitaxel induced a more important release of CCL3 in PC1/3 KD cells compared with its control and Paclitaxel treated NT cells. Of note, secretion of CXCL3 appeared only after stimulation of PC1/3-KD cells. IL-1␤ was also detected after Paclitaxel treatment of both cell lines but with higher levels in PC1/3 KD cells. Besides, CXCL1 release decreased in both cells sub-types but the level re-mained higher in PC1/3 KD cells. In addition, IL-1␣ dropped in NT cells whereas stayed unaffected in PC1/3 KD cells. Of note, the level of the anti-inflammatory cytokine IL-1ra increased strongly in NT cells whereas it was unchanged in PC1/3 KD cells. Altogether, this demonstrated that even if the nature of the cytokines and chemokines detected was modified in both cell lines after Paclitaxel treatment, PC1/3 KD cells continue to exhibit a higher pro-inflammatory state than NT cells. In brief, Paclitaxel induced a profile of secretion characterized by GRO (␣, ␤, ␥), also known as chemokines CXCL1, CXCL2, CXCL3, and interleukin 1 (␣, ␤), which are pro-inflammatory and attractive factors for Polymorphonuclear leukocyte (PMN) cells and which are over-produced in PC1/3-KD cells. In contrast, the inhibitory and anti-inflammatory factor Il-1ra was only over-produced in NT cells under Paclitaxel stimulation.
As a next step, to mimic the anti-inflammatory tumor environment, macrophages were cultured in an inhibitory medium containing the anti-inflammatory cytokine IL-10 (Fig. 2C) . Again, a treatment with IL-10 led to a modification of the cytokines and chemokines profiles. In such a way, we observed that IL-6 specifically detected in the supernatant of untreated PC1/3 KD cells were no more detected after IL-10 treatment. TNF-␣ level decreased in these cells but remained secreted. The levels of CCL5 and CXCL10 also diminished in PC1/3 KD cells whereas increased in NT cells to reach a similar level. Moreover, IL-10 treatment decreased the quantities of CXCL2 released by NT cells whereas no change was observed in PC1/3 KD cells. More generally, the levels of most of these secreted factors were higher in PC1/3 KD macrophages compared with NT macrophages even after a treatment with the inhibitory cytokine IL-10. When we combined IL-10 and Paclitaxel treatment, we did not observe any difference for both cell lines compared with Paclitaxel stimulation alone (Fig. 2C) .
We then compared the effect of the treatment with IL-10 versus the combined stimulation with IL-10 and Paclitaxel (Fig. 2C) . We again observed that CXCL10 and TNF-␣ were no more detected in PC1/3 KD cells like for Paclitaxel treatment alone. On the contrary, the combination of IL-10 and Paclitaxel triggered the increase of CCL3 in PC1/3 KD cells. Concerning IL-1ra, a higher level was observed in both cell lines but still higher in NT cells compared with PC1/3 KD cells. Then, CCL5 was more secreted only by PC1/3 KD cells. In conclusion, the inhibitory effect observed with the treatment of macrophages with IL-10 was abolished when combined with Paclitaxel.
IL-10 is highly secreted in the tumor microenvironment and is responsible for the immunosuppression observed in many tumors like glioma (27, 28) . Here, we demonstrated that PC1/3 KD macrophages were more resistant to the antiinflammatory effect of IL-10 and that Paclitaxel treatment is not really affected by this cytokine.
Altogether, these analyses revealed that under Paclitaxel treatment, NT and PC1/3 KD macrophages secreted protumoral factor. Conversely and positively, PC1/3 KD macrophages released more pro-inflammatory cytokines and chemokines and were more resistant to an anti-inflammatory A, MaxQuant and Perseus software were used for the statistical analysis, and a heat map was generated to show proteins that were significantly different between macrophages stimulated or not with Paclitaxel in the supernatants. B, String protein analyses of the unique proteins identified in PC1/3-KD (i) and NT cell supernatants (ii). C, Effect of PC1/3 downregulation on cytokine secretion under Paclitaxel and inhibitory conditions. The rat cytokine array assay was performed with NR8383 cell supernatants (NT/KD). The cells were untreated (control) or treated with IL-10 for 24 h without stimulation (IL-10) or with Paclitaxel for 24 h (IL-10ϩPaclitaxel). Blue shows NT cell supernatant, and orange indicates KD cell supernatant. The bar diagrams represent the ratio of the spot mean pixel densities/reference point pixel densities. Significant differences were analyzed using Student's t test. *p Ͻ 0.05. environment. Thus, at this step, it was still unclear if the use of Paclitaxel treated PC1/3 KD macrophages could be a promising antitumoral therapy. Nevertheless, we must consider that macrophages effects against tumor cells do not only rely on secreted factors. Indeed, their immune response may also involve the activities of the cells themselves such as phagocytosis. Therefore, we performed proteomics studies of the intracellular proteins.
Proteins Overexpressed by PC1/3 KD Cells Are Related to Macrophages Immune Functions-For these experiments, we analyzed the intracellular proteins of NT and PC1/3 KD macrophages. We used the ANOVA test to perform a clustering of samples grouped on the basis of PC1/3 deficiency (NT versus PC1/3 KD cells) and Paclitaxel treatment (treated versus untreated cells) (Fig. 3A , supplemental Data S2 and S3). Eight specific clusters were identified. Cluster 1 corresponds to overexpressed proteins under Paclitaxel treatment in PC1/3 KD cells and cluster 3 to overexpressed proteins under Paclitaxel in both cell lines. Cluster 2 is specific for PC1/3 KD cells regardless the treatment. Cluster 6 represents proteins overexpressed in resting PC1/3 KD cells. We investigated using systems biology analysis, the interactome and network of the overexpressed proteins in PC1/3 KD cells after Paclitaxel treatment utilizing the GeoSoftware corresponding to clusters 1 and 2 (Fig. 3B) . Differential pathways were generated using the "direct interaction" algorithm to map the relationships of the identified proteins. We found that among the 50 altered proteins, 35 proteins had direct regulatory relationships, including integrins (i.e. integrin beta 2 precursor, Protein Itgax, integrin alpha-5), cytoskeleton proteins (i.e. twinfilin, filamin-A, calponin 2, emerin, moesin, Alpha-actinin-4, gelsolin, lymphocyte specific 1, coronin 1c), proteasomes (i.e. Proteasome subunit beta type-10; Proteasome activator complex subunit 2, WD repeat-containing protein) and ionic channels (the voltage-gated potassium channel subunit beta-2 or the anoctamin-6) (Fig. 3B) . Among the altered proteins identified, some of them have functions directly linked to macrophages activities like Anoctamin-6 (Ano6) that contributes to both phagocytosis (29) and macrophage migration. Some specific proteins involved in the immune response were also overexpressed in PC1/3 KD macrophages, i.e. galectins (1 and 3) and CD36. Galectins have been identified as modulators of many monocyte/macrophage functions (30) .
To complement these unsupervised clustering bioinformatics-based analyses, we performed coexpression network enrichment study to identify molecules that-in Paclitaxel-treated NT or PC1/3 KD cells-were co-upregulated with tubulins, the primary molecular targets of Paclitaxel (31, 32) (Figs. 3Ci and  3Cii) . We chose Tuba1c and Tuba4a proteins as query molecules because these 2 tubulins have shown the highest fold change among the 6 identified tubulins that were overexpressed in Paclitaxel-treated cells (i.e. Tubb4b, Tubb2b, Tubb6, Tuba4a, Tuba1c, and Tuba1b). We found that in both NT and PC1/3 KD cells, the Paclitaxel-induced upregulation of Tuba1ac and Tuba4a was accompanied by the co-upregulation of a highly significant number of mitochondria-related molecules (Fig. 3Ci) . This result was in line with previous studies that demonstrated that Paclitaxel targets mitochondria (33), possibly as a direct consequence of microtubule network alterations (34) . Interestingly, we also observed that Tuba1ac/Tuba4a coexpression networks comprised immunerelated molecules that, for some, were distinct when comparing Paclitaxel-treated NT cells versus Paclitaxel-treated PC1/3 KD cells. Anti-inflammatory molecules such as IL1rn and Arg1 were co-upregulated with Tuba1ac/Tuba4a in Paclitaxel-treated NT cells, whereas pro-inflammatory molecules Aif1, B2m, CD44, Sod1 and Calr were co-upregulated with Tuba1ac/Tuba4a in Paclitaxel-treated PC1/3 KD (Fig. 3Cii) . This reveals that Paclitaxel-treated KD cells exhibit a stronger proinflammatory state than Paclitaxel-treated NT cells. This was validated by the pro-inflammatory cytokines and chemokines profile observed in Fig. 2C .
Altogether, these proteomics studies showed that a high number of proteins involved in immune response and cytoskeleton were modulated in PC1/3 KD macrophages at basal state and even more after Paclitaxel treatment. Among these cytoskeleton proteins, several were related to Ca 2ϩ signaling. Therefore, our hypothesis was that Ca 2ϩ signaling pathway was modulated in PC1/3 KD macrophages, leading to cytoskeleton rearrangement.
Paclitaxel Acts as a Signalosome by Stimulating [Ca 2ϩ
]cWe performed calcium imaging experiments using a fura-2AM calcium probe to evaluate the cytosolic calcium concentration ([Ca 2ϩ ]c) after Paclitaxel treatment on NT and PC1/3-KD macrophages (Fig. 4) . We demonstrated that Paclitaxel (30 M) rapidly induced a pronounced elevation of [Ca 2ϩ ]c in PC1/3 KD cells compared with NT cells (Fig. 4A) . Quantification of these experiments is given in Fig. 4B . We also observed that other features of calcium homeostasis were affected in KD NR8383 cells. Indeed, Figs. 4B and 4C show that the resting [Ca 2ϩ ]c levels were significantly increased in PC1/ 3-KD cells compared with NT cells in accordance with our previous publication (13) . This indicates that Paclitaxel induced a higher increase of [Ca 2ϩ ]c in PC1/3 KD cells compared with NT cells, which can act as a depolymerization agent for microtubules (35) and therefore may act on the activation of inflammatory pathways in macrophages. Interestingly, STAT3 is known to mediate an anti-inflammatory signaling through IL-10 activation (36) and tubulins association (37) . Several studies have shown the effect of microtubule-targeted chemotherapeutic drug, like Paclitaxel, on the inhibition of STAT3 signaling (37) . Paclitaxel-treated PC1/3 KD macrophages exhibits a more pronounced pro-inflammatory state and a cytoskeleton modification partly linked to an increase of [Ca 2ϩ ]c. We, thus, thought that STAT3 activation may be impaired in these cells. for the statistical analysis, and a heat map was generated to show proteins that were significantly different between NT and PC1/3-KD NR8383 tion 3 (STAT3) activation, a time course of the signal transducer and activator of transcription 3 (STAT3) phosphorylation was studied ( Fig. 5A and 5B ). The level of the ratio of phosphorylated/total STAT3 was lower in PC1/3 KD than in NT cells at any time point and, in any condition, (Fig. 5B) . Following Paclitaxel treatment, it dropped after 1 h in PC1/ 3-KD cells and went back to the control level at 3 h. IL-10 treatment, which is known to induce STAT3 phosphorylation, induced a similar kinetics than the one observed by Paclitaxel. Taken together, these results clearly indicate that in PC1/3 KD cells, Paclitaxel leads to the decrease of STAT3 activation as expected. Since STAT3 signaling is anti-inflammatory, this is in accordance with our proteomics and cytokine array analysis displaying the higher pro-inflammatory state of PC1/3 KD cells (Fig. 2C) . As a result, STAT3 inhibition leads to a stronger activation of PC1/3 KD macrophages as depicted by the secretion of proinflammatory factors. To assess the potential of Paclitaxel-treated PC1/3 KD cells as a good antiglioma therapy, we evaluated the toxicity of their supernatants on glioma cells.
STAT3 Activation is Decreased in
PC1/3 KD Macrophages Cell Supernatants are Cytotoxic for Glioma Cells-Tumor viability assay on the rat C6 glioma cell line was performed with the supernatant of macrophages treated with 30 M of Paclitaxel for 24 h (Fig. 6) . To test the direct effect of Paclitaxel, C6 cells were also directly cultured with medium containing or not Paclitaxel (conditions F12 Control and F12 Paclitaxel). Viability tests were performed for 24 h, 48 h, 72 h and 96 h. The time point 96 hϩmedium means that the medium was renewed at 72 h and the viability of cancer cells was registered 24 h later. These experiments revealed that Paclitaxel itself significantly decreased the viability of C6 glioma cells at 72 h, 96 h and 96 hϩmedium (Figs. 6A and 6B). On the contrary, the effects of supernatant from NT or PC1/3 KD cells treated with Paclitaxel on C6 glioma cells viability were registered as soon as 24 h and 48 h (Figs. 6A and 6B). Even though no specific differences were observed between NT cells supernatants and PC1/3 KD cells supernatants on the viability of C6 glioma cells, some interesting observations can be made. In fact, significant differences were observed between the supernatants from untreated macrophages and supernatants from Paclitaxel treated macrophages. Indeed, for NT cells these differences were observed at 48 h, 72 h, 96 h and 96 h ϩ medium (Fig.  6A) . On the contrary, for cell supernatants of PC1/3 KD cells, these differences were observed as soon as 24 h post-treatment and were observable at each time point of the assay (Fig. 6A) . Compared with the situation depicted in NT cells, the supernatants from Paclitaxel treated PC1/3 KD cells not only exert a quicker antitumoral activity but also a more robust effect at 48 h and 72 h as revealed by higher significance levels (Fig. 6B) . During the assay, the highest impact on C6 viability (55.08%) was also observed at 96 h, with supernatant from PC1/3 KD cells stimulated with Paclitaxel. In conclusion, these viability assays showed that in addition to the direct effect of Paclitaxel remaining in the medium and compared with NT cells, Paclitaxel treated PC1/3 KD macrophages secreted additional antitumoral factors active against glioma cells. We then decided to further explore the effect of Pacli- taxel activation of the macrophages using direct cocultures of pretreated macrophages and tumor cells.
Paclitaxel Triggers the Secretion of Antiglioma
Factors by PC1/3-KD Cells-As a model for a direct coculture of macrophages and glioma cells, we chose to work with a 3D culture system. Spheroids generated with C6 glioma cells were cocultured for 6 days in a collagen matrix containing untreated or Paclitaxel-treated macrophages (NT or PC1/3-KD cells). The growth of the spheroids and the invasion of the matrix by cells migrating out the initial core were monitored over 6 days. As shown in Fig. 7Aa , neither the NT nor the KD cells present in the collagen impaired the growth and invasion of the spheroids, an observation in line with the reported tumor-supportive effects of macrophages. Addition of low concentrations of Paclitaxel (20 nM, 40 nM, 80 nM) in the culture of spheroids in absence of macrophages induced a decrease of spheroid growth which was concentration-dependent (Fig. 7Ab lower panel) . This inhibitory effect was much less pronounced in the presence of macrophages in the collagen matrix and was Paclitaxel concentration-dependent as well (Fig. 7Ab, upper panels) . Macrophages thus appeared to exert a protective effect to cancer cells against these low concentrations of Paclitaxel, as already highlighted in the literature (38) . Addition however of 30 M of Paclitaxel (i.e. the concentration used to induce the proinflammatory supernatant) directly to the cocultures led to a complete growth and invasion arrest of the spheroids, irrespective of the presence or absence of the macrophages (data not shown). Thus, with this system we could not distinguish the effect of Paclitaxel alone from the effects of Paclitaxel stimulation on macrophages. By contrast, when the macrophages (NT or PC1/3 KD cells) were pre-activated by 30 M Paclitaxel before their embedding in collagen, thus avoiding the presence of Paclitaxel during the coculture, tumor growth and invasion were inhibited (Fig. 7Ba) . Quantification of the growth and invasion rate indicated that pre-activated NT and KD cells exerted a similar inhibitory effect (Fig. 7Bb) .
We also analyzed the conditioned medium obtained after 6 days of coculture between C6 spheroids and Paclitaxel preactivated NT or PC1/3-KD cells to identify the factors specifically or more secreted. The results showed differences between NT and PC1/3 KD cells (supplemental Data S4). Indeed, 10 unique proteins were identified in the supernatant of C6 spheroids cultured with Paclitaxel preactivated NT macrophages (Figs. 7Ca, Table II acid-rich-like protein 3 (Sh3bgrl) (Fig. 7Cb) . These proteins are known to support cancer progression (39, 40) (Fig. 7Cb) .
After 6 days of coculture between PC1/3 KD macrophages and C6 spheroids, 5 unique proteins were identified in the cell supernatant (Figs. 7Ca, Table II ). Among them, a balance of factors produced by tumor cells was also observed, as indicated by the presence of Rac1 and Myl6. Rac1 is described as a major player in glioma invasion and progression (41) and myosin light polypeptide 6 (Myl6) is found in glioblastoma exosomes (42) . However, the three other proteins were related to tumor suppression: (1) NAD(P)H dehydrogenase quinone 1 (Nqo1) known to inhibit the degradation of the tumor suppressor gene p53 and involved in the metabolism of Vitamin K (inhibitor of glioma cell growth) (43), (2) acidic leucinerich nuclear phosphoprotein 32 family member A (ANP32A, pp32) present in macrophages exosomes during inflammation (44) and known to inhibit pancreatic cancer cells survival (45) , and (3) Coagulation factor IX (F9) known to regulate carcinoma migration (46) .
Even if the effect of NT and PC1/3 KD cells on C6 glioma spheroids growth was similar (Fig. 7Ba) , these results suggested that in presence of PC1/3 KD cells, a resistance to Paclitaxel treatment could be less developed. As mentioned above, some of the proteins detected are found in exosomes.
Previously, we demonstrated that formation of multivesicular bodies was strongly increased in PC1/3 KD cells (13, 47) . Multivesicular bodies are a source of extracellular vesicles (EVs) (48) . Therefore, we tested the effects of exosomes purified from the cell supernatants of untreated or Paclitaxel treated NT and PC1/3 KD cells on C6 spheroids growth and invasion.
Extracellular Vesicles Released by PC1/3 KD Cells after Paclitaxel Treatment Repress More Efficiently the Growth and
Invasion of C6 Spheroids-EVs were isolated from the cell supernatants of NT and PC1/3 KD cells treated or not with 30 M Paclitaxel for 24h, quantified with Nanosight NS300 and added in equal amount in the collagen matrix before embedding of the C6 spheroids. Spheroid's growth and cell invasion in the matrix were monitored over 3 days (Fig. 8a) . After 24 h, addition of EVs, irrespective of their origin, had no effect on growth and invasion of C6 spheroids. It did exert however a cell-and treatment-dependent inhibitory effect at 48 h. EVs from control NT cells were slightly, though not significantly, more inhibitory than EVs from control KD cells. EVs from Paclitaxel-treated KD cells however showed a stronger inhibitory effect than EVs derived from Paclitaxel-treated NT cells. At 72 h, EVs from both cell lines, irrespective of their treatment, similarly and strongly inhibited growth and inva- (Fig. 8b) .
DISCUSSION
Since the last decade, many studies have demonstrated that the density of TAMs is associated with a poor prognosis, suggesting macrophages as a target for clinical therapy (49 -55) . Macrophages can be activated through cytokines or via secondary signals supplied by either antibodies or LPS/ endotoxin/TLR stimulants. Thus, new therapeutic strategies have been elaborated to counteract tumor outgrowth by either inhibiting macrophages infiltration or by promoting a macrophages pro-inflammatory phenotype (49) . Strategies targeting TLR4 pathway have shown some success in antitumoral activity (56, 57) . Paclitaxel, an antitumor drug, is also known to activate the TLR4 pathway and therefore could be a potential strategy to reactivate macrophages within tumors. This drug is currently used for the treatment of breast, ovarian, lung, and colon cancers (16) . More recently different strategies based on liposomes or nanoparticles with Paclitaxel have also been investigated in glioma (58 -61) . Based on this knowledge, this work aimed to investigate the possibility to trigger macrophage mediated tumor cytotoxicity based on a TLR4 activation using Paclitaxel drug as ligand.
Previously, we have shown that PC1/3 KD macrophages were able to produce pro-inflammatory cytokines in autocrine and paracrine ways and were more pro-inflammatory compared with macrophages expressing PC1/3 (12, 13). We thus concluded that this PC1/3 enzyme controlled the activation of macrophages. In the present study, we also revealed by proteomics approaches differences between NT and PC1/3 KD cells after Paclitaxel stimulation (Fig. 1A) . In PC1/3 KD macrophages proteins involved in microtubule cytoskeleton assembly, actin organization, cell-cell adhesion and cell matrix adhesion modifications are upregulated. The overexpression of cytoskeleton proteins is expected to impact the endosomal and phagosome movements (62, 63) , which would also lead to a higher secretion of immune factors. This modulation of cytoskeleton organization is supported by the high increase of Ca 2ϩ release in these cells (Fig. 4) . We also confirmed the release of pro-inflammatory cytokines and chemokines by untreated and Paclitaxel-treated PC1/3 KD macrophages reflective of a higher level of activation of these cells ( Fig. 2 and  5 ). Of note, this secretory activity was not really affected by the presence of the anti-inflammatory cytokines IL-10. Among the factors released by PC1/3 KD cells after Paclitaxel stimulation, we found growth related oncogene (GRO) (␣, ␤, ␥) and interleukin 1 (␣, ␤). These factors are known to elicit recruitment of PMN cells. GRO (␣, ␤, ␥), also known as chemokines CXCL1, CXCL2, CXCL3, mediates varied functions such as attracting neutrophils to sites of inflammation, regulating angiogenesis, and modulating neurotransmitter release. However, in cancer, they are involved in tumor initiation, progression, and metastasis (64, 65) . For example, GRO-␤ forms an autocrine loop that activates the Ras-Erk1/2 signaling pathway (66) which is linked to phosphorylation of STAT3 (67) signal transducer activator of transcription which is important for cell proliferation. At a first sight, this did not support that Paclitaxel treated PC1/3 KD cells may exert a stronger antitumoral activity. However, we cannot exclude that (i) combination of other molecules contained in the cell supernatant may exhibit antitumoral activity and (ii) in a coculture with 2, day 4 and day 6. b) Graph representing the quantification of C6 spheroids invasion into the collagen. C, Analysis of the supernatants after 6 days of coculture between macrophages and C6 spheroids. a) At day 6 after invasion, the cell supernatants were harvested and analyzed by mass spectrometry (Time 6 days). Venn Diagram of the all coculture conditions used (Paclitaxel, control DMSO) for PC1/3 KD and NT cells is presented. Western blots detecting antitumoral proteins (F9, Anp32a) in the supernatant of KD cells treated with Paclitaxel are also presented. b) A heat map was generated to show proteins that significantly differed between the supernatants of NT and PC1/3-KD NR8383 macrophages after 6 days of coculture. tumor cells the nature of the factors secreted will vary. Therefore, we decided to evaluate the potential cytotoxic activity of the supernatant of NT and PC1/3 KD cells after Paclitaxel stimulation. This revealed that the supernatant of PC1/3 KD macrophages stimulated with Paclitaxel exerted an antitumor activity on C6 glioma cells (Fig. 6 ). Of note, we showed that the effect observed is higher than the direct effect of Paclitaxel alone. In 3D coculture experiments, untreated or treated with low doses of Paclitaxel, macrophages supported the growth and invasion of glioma cells (Fig. 7Ab) , as expected from previous observations with murine microglia and human tumor-associated microglia/macrophages (68, 69) . We showed that these supportive activities were suppressed by a pre-treatment of macrophages with Paclitaxel, which triggered an efficient antitumor response. Indeed, growth of spheroids and cell invasion in the matrix were severely decreased by macrophages pre-activated with Paclitaxel, irrespective of their PC1/3 content. However, in the supernatant of the coculture between C6 glioma cells and Paclitaxel pretreated PC1/3 KD macrophages cocultures, we found that expression of tumor supportive proteins such as Mortalin or SH3BGRL was lower. We could also identify unique proteins exhibiting antitumor properties such as Nqo1, ANP32A and Coagulation factor IX. This unique profile of secreted proteins suggests a possible scenario whereby these factors may stabilize P53, inhibit its degradation through Nqo1 and inhibit cancer cell survival and facilitate drug efficacy thanks to ANP32A production (45) . It may also block the tumor migration with Coagulation factor IX in conjunction of production of immune factors (46) .
We also demonstrated that several proteins identified in the supernatant of the coculture between glioma C6 spheroids and PC1/3 KD macrophages were related to exosomes. Interestingly, at 48 h, extracellular vesicles (EVs) from control NT cells had the tendency to block C6 spheroids growth and invasion (Fig. 8) . Quite the opposite, EVs from Paclitaxeltreated NT cells did not exert this inhibitory effect. In this case, growth and invasion were restored to a similar level as those observed for untreated C6 cells. This suggests that EVs may contribute to the development of drug resistance observed after Paclitaxel treatment (17) . On the contrary, we demonstrated that PC1/3 inhibition in macrophages abolished this phenomenon. Indeed, EVs from Paclitaxel-treated PC1/3 KD cells showed an inhibitory effect on growth and invasion of the C6 spheroids at 48 h of coculture. This effect was however limited in time. In fact, after 72 h, EVs from both NT and KD cells were equally effective in inhibiting C6 spheroids to an extent comparable to the one observed with cocultures of macrophages and spheroids. This transient effect might reflect the capacity of glioma cells to re-program macrophages in a way that is PC1/3 independent and/or that masks the inhibitory capacity of PC1/3 KD cells-derived EVs through secreted molecules.
In conclusion of this study, we showed that Paclitaxel increased the cytosolic calcium concentration [Ca 2ϩ ]c, diminishes STAT3 activation and reveals a potential of the coaction of PC1/3 inhibition and Paclitaxel treatment in macrophages for glioma therapy. The invasion assays in complement to proteomics analyses of the cell supernatants of C6 spheroids cultured with Paclitaxel pre-activated NT or PC1/3-KD cells, demonstrated that PC1/3 KD cells secrete antitumor factors active toward C6 glioma but they were not sufficient to observe an effect on their invasion in a spheroid coculture assay. In this context, because PC1/3 KD cells have constitutively a higher amount of MVBs, we thought that EVs release through Paclitaxel treatment may influence glioma spheroids growth. Indeed, we showed that EVs from Paclitaxel treated PC1/3 KD cells could escape glioma resistance to treatment. To conclude, these experimental observations lay the basis for a cell therapy based on EVs released by PC1/3 KD macrophages activated with Paclitaxel.
